SUMMARY The spinal cords of 10 cases of motor neuron disease were compared with those of six age-matched controls using myelin and silver impregnation methods, and the Marchi reaction for myelin degradation products. These studies revealed striking asymmetry in involvement of the lateral and anterior corticospinal tracts, without concordance in the pattern of involvement of these crossed and uncrossed corticospinal pathways. In addition there was prominent involvement of the posterior and anterior spinocerebellar tracts, but less marked abnormality was seen in the reticulospinal pathways. These findings highlight the asymmetrical involvement of the upper and lower motor neuron components of the motor system that is a characteristic feature of the disease, and demonstrate that involvement of the spinocerebellar system is a frequent finding.
Motor neuron disease is a progressive and fatal disorder of the motor system, characterised by clinical and pathological features of coexistent upper and lower niotor neuron degeneration.1-4 Involvement of the motor system may be strikingly asymmetrical.5 Sensory involvement is not evident to ordinary clinical examination but, in some cases, paraesthesiae have been noted,6 ' and subclinical abnormalities have been found in teased fibre preparations of sensory peripheral nerves.8 In the spinal cord the major abnormalities comprise loss of anterior horn cells and degeneration of the crossed and uncrossed corticospinal tracts.9'-1 Degeneration of the spinocerebellar tracts has been described in familial cases'2 but is thought to be infrequent in the more common sporadic form of the disease.2 3 13 However, no systematic pathological study has been made of noncorticospinal pathways in the spinal cord in sporadic motor neuron disease.
In a previous study we showed that loss of anterior horn cells in the disease is both asymmetrical and focal within individual spinal segments, 5 silver, using the methods of Palmgren, and of Marsland, Glees and Erikson. Additional blocks of the formol-saline fixed tissue were prepared using the Swank and Davenport modification of the Marchi technique for myelin degradation products, and subsequently processed into paraffin wax and sectioned in the transverse plane. The sections produced by these different methods were examined by two of us (MS and CLS) in a formal analysis in which the sections, both from the cords of the 10 patients with motor neuron disease and from the six control patients without neurological disease, were coded by GV and presented "blind" for assessment of the distribution and type of abnormality. Later, the sections of the cords were studied in more detail in the usual open fashion.
Results
In the cords from the 10 patients with motor neuron disease there was a marked loss of anterior horn cells that was especially marked in the sections taken from the C7 segments. There was no constant pattern of abnormality in the fibre tracts of the spinal cords of these cases, but abnormalities were particularly evident in the corticospinal and spinocerebellar pathways. There was generalised pallor of anterior spinal pathways in all the cords studied, often to a striking degree (fig 1) myelin in the abnormal fibres."5 16 In nine of the 10 cases the crossed, lateral corticospinal tracts showed more abnormality in the Marchi preparations than the smaller, uncrossed anterior corticospinal tracts. In one case the uncrossed tracts showed no abnormality (fig 2) . The ipsilateral and contralateral lateral and anterior corticospinal tracts were not necessarily affected to a similar extent, indicating that there was no constant relation between the extent of abnormality in these homologous components of the descending pyramidal motor system in the cord. Thus, in two cases the crossed and uncrossed corticospinal fibres were more affected on one side of the cord and, in four there was relatively selective involvement of the lateral tract on one side and of the anterior tract on the other. Unilateral involvement of the anterior or lateral corticospinal tracts was also noted in the Marchi preparations of two cases (fig 3) . In these cords asymmetrical fibre loss was noted in the four corticospinal pathways in the silver preparations. In one case the corticospinal tracts appeared normal, although there 
was conspicuous loss of anterior horn cells, and one spinocerebellar tract showed Marchi positivity (fig 4) .
The Marchi preparations also revealed bilateral, often asymmetrical, abnormalities in the posterior spinocerebellar tracts and, to a lesser extent, in the anterior spinocerebellar tracts (fig 4) . It was sufficiently dense in some cords to obscure the anatomical separation of the lateral corticospinal and posterior spinocerebellar tracts ( fig 5) . In one cord there was involvement of only one of the posterior spinocerebellar tracts. In the cervical sections of one cord there was a slight accumulation of Marchi-positive material in the reticulospinal tracts and in the medial parts of the gracile columns. Although no attempt was made to count the remaining neurons in these cords there was a subjective impression of loss of neurons in the nuclei of Clarke's column.
The sections of the cords of the six control cases, prepared by the same methods, were all normal. No artefactual deposits of Marchi-positive material were seen in these sections.
Discussion
No constant pattern of involvement of the homolateral or contralateral corticospinal pathways in the cord was observed in these studies. Indeed, in the Marchi preparations there was a striking lack of correlation between the changes noted in the crossed and uncrossed corticospinal tracts. In some cases there was degeneration in the ipsilateral crossed and contralateral uncrossed corticospinal tracts as would be expected if there was predominantly unilateral involvement of the corticospinal system at more rostral level of the nervous system. In others there was independent involvement of the homolateral and contralateral tracts. In some cases, in addition to the presence of myelin degradation products in the corticospinal tracts, there was Marchi positive material in the posterior spinocerebellar tracts and, less commonly, in the reticulospinal tracts and in the posterior columns. Involvement of the spinocerebellar tracts thus appears to be a more constant feature of the disease than has hitherto been considered.'1 13
Involvement of the spinocerebellar tracts in motor neuron disease is asymmetrical, a distribution of abnormality different from the typically symmetrical pathological changes found in these pathways in the familial and metabolic spinocerebellar degenerations. ' 
